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(54)Tltle: SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 



(57) Abstract 

A communication semiconductor device in 
which an HEMT having a frequency band of 
about S GHz is incorporated. The dielectric 
strength of the semiconductor against a surge 
currcnl at the time of handling/ etc», is prevented. 
The semiconductor device is provided with a 
semi-insulating compound semiconductor 
substrate (semi-insulating GoAs substrate), an 
electron traveling layer made of an undoped 
compound semiconductor (undoped GaAs) 
foraied on the main surface of the semiconductor 
substrate, an electron supplying layer made of a 
compound semiconductor (AIGaAs) of a first 
conductivity (N-type) which is formed on the 
electron traveling layer and generates 
two^imensional electron gas channels in the 
surface layer of the electron traveling layer, 
source and drain electrodes formed on the 
electron supplying layer, and a gate electrode 
formed on tiie upper surface of the electron 
supplying layer between the source and drain 
electrodes. An NiN proteaivc clement composed 
of an intrinsic semiconductor layer formed by 
partially etching off the electron supplying laya 
and part of the electron supplying layer is 
provided between the gate and source electrodes. 
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WO 97/45877 PCT/JP96/0I480 

m m m 

5 i/Xfi (HEMT : High Electron Mobility Transistor) feWt" 5 i|i 

^ft<*ii^gffiifi»(*:3Sgi: LTG a A sME SFET (Metal Seal 
conductor Field Effect Transistor)^ G a A s H E M T $ h 

Tl>S. G a AsHEM-TtiGa AsMESFET»CJt«bTji«1$ 

tt ^ tR:0 m ^^iS a » ««« *i T v> s . 

15 ttffi«a«!#«*^5 GH zfi^Tt^iSG a A s HEMTli, y^ci:^ 
^tt»ttG a A s S«±lC«^^tfJBt/j:S7> K-:^G a A 8 
Sr8B7> K~:^G a A s/ico^Hc 2 lk?cS^^:tfx^-y^;i/§:l8 
(NM) d^e!Cc*m^#|jii&;St)5!SA 1 G a A s 

20 SNSIG a A s «:«?kx If 3r * 5/ ■V' L T S . 

XJ P121~P123-»?>» «^^t«iim^^36^7, ED82-127 
(iSitWHEMT) lwSB«$iiTt^S. 4tia¥ 2- 1 6 2 7 4 



wo 97/45877 PCT/JP9«/01480 

2 

4-§-4.^$B*J<J;r;!j$BBIlH6 0-8 6 8 7 4^4i|fitctt, ff- h • 

*f-V (G) i: (S) IffllCNPNTfll^^tvS.'W^ V^f^v 

0 (b a c k - t o - b a c k) ^r-<;j--K tf CI i: ttHiiT' 

20 ail 4g|l±*«Ha#k:<kor«i8*?IS$tifeijiafls:i?Bi-tie5l5©iii 
«<*:«ll©jg««^lt1fli» (dB) 2:®ffiM«:^-rif77-??fey, 

^»(*:^fi0«j|ftj»i:«;5fm (dB) i: ©fflMSr^tif 7 :7-e;fe5. 
ftjilAttfta9^?l:«tJ«:v>HEMT©#ttS:^L, ffllRCttNP 
25 N/-<y h -^^"^y i»ir-f ;J--KS:ll§»atA/^HEMT {HEMT (N 



W097/458T7 PCT/JP9fi/01480 

3 

PND) ) (O^m^ml. ia«DttME S FETCD*H*S^-r. ttz. 
HEMT iiME S FE T®«llfJg»:NF $:tt«rSfe«>. ^tl-TtlC!) 
■ ^ (i|S««:«e) llii^flSiI-i:UTJB^TCDJ;^^cga^•r 

5 hTaJ©^Sjiffitt2 5 0-5 0 0 A fcTS. 

(NF) 5dBi:b*:»'^, -KffiJ^lift^ff 

G a As -MESFETltmmDX'Bt^^KBGHzl^ftV 
Wtfe-efey, HEMTOft-^fflUA-ea^-r^^Kll 2QHz», 1-55: 

«lti§»NFt4?k^ (1) "C^TLetv*. 
NF=101og[l + 2«fK(C.. + C,) -(1) 
15 X { (R. + RJ /gj 1/2 

~ ^^^1t. R.liV-Afi^, R.tty-Nfift. g-l±ffiS3>3ri7 

HEMT (ffiIRA) tMESFET (ffl«D) tCi,H^T, MJ&OIrI 
25 ^JSc-r/^-f X«jaS:<R^Lfe«'&, C..{±^tvtSifilgt>e>'S:ir> 



I* • • • 

wo 97/45877 PCT/JP9^1480 

4 

J; -to. 2~0. 4 p FS^) . b*>b» HEMTttME S FETIC 

cc-e, ^ (1) J; y, g-0*35^;^i^ <5&S2:NFtt/J%$ 05:^ 

Lr{±, ^Wii^mmm^ (5GHz^) 
5 K:*JV^'CHEMTT?W:*?fe**-eO. 8 ^ 1 . OdBgg, MESFE 

^)^±icJ:y. HEMTA^MESFET* U*iWII»»C«ti5c:2:*» 

O^IC. HEMT (ffl«|A) fcNPN/Syi/ S';7y^s»i?5r^;j-~K 
10 Srl§*Ji^f£ {HEMT (NPND) } CDN F ©gtCOl'^rK^TS 
NPNfiftai3r^;t-KS:ffll>fe«^Ktt, i^«!r((ciimffijfi (5GHz 
^T) fc'cktJ^aSMii^tffli^ (1 2GHzir) i:t)5l*^EtiSNF 
i^l. 5dB:jnax) CCDSAtt, NPNfilK 

15 2-0 . 4 p Fg«) 0fe«)Aaj«fi (C.+ C) ^ ( 

1) J: Uv>NF0$&^bS:5I»jgc:'rfc«)"ei64. JJl±H<ky. N 
P N««4r ^' :t - K ttaffl T? ft P i fc 5 . 

-ir. m SSicjQ^-r^dic. m;t)^^ (pg) 1 5 d 

B2:Lfc»-&, «gi*^&«*iii*)&V>HEMT (ffllRA) ttl 2G 

NPN(D><s/^ h'^^'^y i^^^-r^-KSrfiii^ii^fc'HEMT (ft«C) 
0«^t?tt, 1 0GHz»S«fit±T?m:tCD«;!jjH»*^«6*i*V^. 

=8- ^ « St^p ic *,H> T S v> M & «i H 55: * fife v> . P G *»§&>(fr ^ m 
Bti. ( 2 ) ic J: U i99li-e;& 5. 
25 PG = 101oK [{(g./27c (C,,+ Cj)/f)« 
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J 

5 

X {1/ (4 g,R.) ) ] ... (2) 
K-:^® : intrinsic Jg^T i ^ #1-^) ifcffit>&^SSJ^ 

««SfilS S:i#fe1i: a i: *1T- * 5 i i: & Ji v># $ *|8I5§ i 35: U . 
$r ^-r S ifi«<t:^E J: U5 * ® «ia;6ra; & 1" S d t ife S . 

fi t? J; © « it $: ft il^f c i: t & ^ . 
SB ,k ^# 0 Sf ;&v6 ife § 6 k: Jfe 5 T? -5 9 . 



< • 

WO 97/45877 PCT/JF96/D1480 

6 

1 G a A s JB, Iffae*-^ yi'nVi'i^hjBttNSGaAs Jg-C?^)^ 

^t>. Kr8Btt^-^^5jgi:<fcSG a A s 7> K-T-:fJi®;p3W4^J«Sttl 
0" oin"'jaTi:'5!oTV>*. 

10 S!cig-C»ig$ns. 

« ^^5JB *? ^ tJ^ir S3«l^ ^til ® ^» gp^^ tc 2 ?!k 3!f 7. ^ -v 

^ * & N i NSftsif)}? ji^jft-r s . 

l&IBm^*tjMl*r>H-:^GaAs», iiri2S^«^i&j»ttNMA 
1 G a A B«, Kf8B*-5 s'i'ii>3»^ hJiltNMG a A s »"T?J^|ft 
25 sn, lifSB«^3ltf»i:<i!SGa As7VK~:/»0:T;tt«»Sltl 



« 



WO 97/45877 PCT/JP96/01480 

7 

0"oni"'JgtTJCj^lSS*v5. 

6 7 m o 1 Sfi JB^fc tc J: o T J^jil tv S y > U - h ^ 7 T^fllr- 
fifth's. 

l«rK®#®Jc G a AsHEMT©y-hi:V-;?.raK:Ni 

f »««taSIStt(t5(50HEMTtcifc«LT3fgJ[J(J: 

tit, Ga As7>K-:/»tt::^;«%ji|g))U 0" c m-'JKTi: Jfc 
6s HEMT04$tt*^a35i*»*l«V%. 



25 g|M(Djltf««SI2i!l! 
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8 

m 3 0 Cl: 36 ¥ 9 ^ ^ S (D »r ffi @ -e & . 

5 l64Htt|Jr8Bi|s«#:$HB(D-»lcat'r«*6&|lpfiBHT?&.S. 

« 5 0 tt jiff SB 4i » (*: » B © » it V > T i|£ « («c ^ 3, 3/" y n @ ^ 

L/fl!rSE4£«{*:5^y.:/0«Si: U~ Ki: S: 9 -f-vejgjglt fe^^lB&atf 

II 7 0 ttltrSBf »<t:i^R ® « iS T U -fe X X y ^ > if Jnx S *i 
HI 8 0 ItlirSBiiiSIt:^^!!©^! )c T y ~ xme , K u 
. 01?&5. 

<b^«>^»(*:««&^-r-ap®»fffi0-e»*. 

26 SrS^-Tif^ 



9 

^ *B & ^ J6 T 5 fc A CD * A 0 Ji 

* ^ O H fift ic t> T ^iSJ^Ji i ^, iciS « -r s . 

« 6 & S « J|« O 2 © S^flJ 6 ^ 2 * 0 ij - K 

-K, KU^:/ (D) fj-Kt**. citi604U-K3i:, 
«&22^«ft:f^ y ^ 5 ®#7K >r /1 5. K 6 iiiSatt® 7 ^ ^ 7 tc 

25 ^3^^^*lTV^5. 



' 10 
J$t\itO, 15~0. 2 5 mm 1 35;oTV><5. lRl0"^My ^V^f 

i 

10 y K6 S, ^±fS*^y-;^ffl;KVT^ K6 S, iTIWd'^KU 

0 Ki/-< yaffil 3 ©wflilKitt. -e*i-e*v¥?7JC;^:!5'?&0y~xmffi 

15 1 4 *^feigbTV^S. Kl/-<:^mffil 3i: 4tt^SJca 
oTS*ffiU-rv>-6. lir«BV-x«ffil 4tty-xB3ttH 0 ICS'S! y« 
L r v> S . 1933 K U v«8il 3 t y ~ xmffi 1 4 i: cDlffl 

20 mm^tiX\^i>. c^^^cJ;^J, i««^i^l!»^g (HEMT) 
Kftifi^flcjg (i») 1 8 $:#{^fe'Ni NM^SIig^l 9*»J^^Sti 
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11 

GaA8Ji27,:t-55/i/3>3i^SJii:5fcSN^GaAsl28 
7y\i-:fG a A 8;B2 6ttJ|[$3 000~10000ASStJ5fc 

"cm"'JJtT (PS) ilTS. -r^:*)*), 7>K-:/Ga Asl^'^N 
15 T > K-^ G a A s jgik^t:*^^^^ LT«*4$ttli 

^&<b-rS. GaAsTVK-":/Ji«)^«feag&l 0"cm-»£tTt 
b T *?< c i: t J: y . J: o Tflm 2 ?J?7uti5^** 

Ni!AlGaAs«27li@$100'-400Ae«-e. :^l6jf^ai 
20 «ttlX10"~5X10-cm-'SST'jfeS. N^G a A 5 

JB2 8»±JS5 5 0 0-2 0 0 0 ASfiT?, :JF*6tt»«ktl X a 0"~ 
5X10"oin-"S«-e*S. 

HEMT9 0aS4>, I-JSc*)*), ll»8PT'ttMSET>K~:/GaAs 
« 2 6 ±lcjl#?» t NS!A 1 G a A s » 2 7 y . *^*DNSA 1 G 
25 aAsl27±K:ttNa!GaAsjS28-eJi^^$tlSy->?.ffi;j-~$ 



' " • .• 

WO 97/45877 P(n7JP9C/01480 

12 . 

PWvffi;*--^ y ^n^^ii? hiB3 1 C0J:lc»±Kr32K U-r >mffil 3 
y~xffl3!--5 yi'ii^^i? HB3 Ku>r:/ffl5r-§ y i^zi:/ 

M3 1 fc0PdItCf!tiJLfeNi!A 1 Ga As®2 7±lC»±|trgBy 
10 5*»J^^S*iS. y-hfitt, fcfcittfO. SMm-efey, 

y-h«t*200~3 0 0 Mint?*«. y-h«ffil5tt. fetiL« 
A 1 *fcttMo/A u^t?J^^S*i, 0$tt5OOO~lOOOOA 

n^Ty K-:/G a A 8 Ji2 6 ilNSA lGaAsji27ttJ:o 
15 m^^ffSi: bT(iD7>K-:^G a A s /B 2 6 (O^igSU^^ t 2 

N i NMfiiJSIsg^l 9 »^Tt4, 7 > K-:^G a A s «2 6±»C$ft 
. AtTNMA 1 G a A 8 iBf 2 7*»ttS, i®NaiA 1 G a A s 

. «27±lcttNaGaA8»28j8i^a)5:o'C«<&. -ebT* iTffiNi! 
20 A 1 G a A s ^2 7 ^^<):U(Ni!G a A s ;§2 8 tt, N i NSIfl^S^'^- 
J^fiJlffl 0x ^> ifj* S 5 -C^Kf S *lT S . xy?-i/ifa|3 5W:2 
^kTCm^^X^-V^/l/^^^^-rSTV K-:/G a A s»2 eCD^jfaj 

. fcfta. l&8Bxs/f">^»3 5(D-*<I8©NS!A 1 G a A 8 JB2 7 i:, 
25 #fll®NS!A lGaA8l272:. — ffllCDN^A lGaA8l27;&' 



wo 97/45877 PCT/JP9MU480 

13 

e»lllffl<DNMA 1 G a A s;i2 7 »;S5 7> K-:^G a A s»2 etc 
J: o T NMifi««: 36 t MmBi^ 37 t NS!i|i««: 3 8 ic J: S N i 

^^JS3Q±iz\tn^mm^mm2ii!,^^ifq,t.^ ^ftsmi^ffi*- 

4 2 0 t;aftJBlT-C U 7 m o 1 S^^;iT U: <fc * U > >> y >r - 

his (PSGIi) vmm^ti. «SI*5 0 0 0-1 0 0 0 0 Afc&o 

fii4 1 tm»izmmmusi/>'i4 2 o-csftjgtTT-t; ym&if^i m o i 

25 Sfi;5iTtCJ5!S»;>S/iJ^-SK (PSGffil) ^$^5 



WO 97/45877 PCT/JP9«flH480 

OOO'-'lOOOOAiJScoTV^'S. Zt\iz^r>X^iyi/^-i/3:/ 

fi^Jklftl 0 0 A m0Ji:$0i|5|ftJittG a A s3fctR2 5 SrMjlRLfc 

K-":/'G a A s Ji 2 6 , NS!A 1 G a A s » 2 7 , N^G a A s « 2 

e&J^fiSc-rS. 7i/K-:/'GaAs®2 6J±®S 3 000-1000 
0 ASjKi:35ioTlr>5. ^tc.. Zff^T y G a A s M 2 6 it. 2 

15 «!iailgl±l 0" c m-^JB^T (PS!) c4ilc.):oX, 7y}i- 

:7^G a A s » 2 6 oaJSSP^tc {4 2 ikTcS^j^rxf'-v *;i/75<?^ja$ *l 

NMA 1 G a A sj|2 7tt/iS 1 0 0 -4 0 0 A gfi-e, i^^tt^f^jSI 
ftttl X 1 0"-5 X 1 0" cm"»8«-e*S. NSG a A s 

2» M2&\,tm^ 5 0 0-2 0 0 0 AgfiX'. ^P««^»Sl±l X 1 0^'- 
5 X 1 0*' o m'^SSTfe-S.. 

HEMTJ^fiR«J4^lC*)H>T, «r8B7>K->^G a A s Jf 2 6 
^trii, NMA 1 G a A sl2 7ttm^#^l&;i?, NSlAlGaAsffl 

25 «?R^0«iias^lCfcH>T, j|583TV K-:/G a A s S2 6ttN i N 



.1 

WO 97/45877 PCr/JP96«I480 

15 

m^n^J- 1 9 <5fc«>0|Ctt^«(^JB, NMA 1 G a A s 1 

I "CNSIA 1 G a A sM2 7feJ;0tNi!G a A s ji2 8 i y-fe;^xyf^ 

7 ^ T'lim^SP^K:* i^;^ hliSr^^lS U feiiflfii-r NMG a A 
s«28i'J;tJfNSAlGaAsjB2 7&Xs/f'>if-rSd^, x y 5^ 
>i''»ttfct^tf7:/*r75^xy^Vif^g^;&t^V, 6*1-2,. 
10 -p^t, ^lft»ttGa Aa^tK2 5 0±ffi±^«:tClli»l!|&J^liJtt, 
IfrfflO* N y V iT^V ^^mtSiiX^^} 7 h3j-3»i56iffiV%-CNS!G a A 

5 0 0 0 AiSSO A u G e /N i /T i /A u -CJ^^StlS. 

"^tJC, JggiatC^I-ckdt. i|iiM5»ttGa As»«2 5®±®t 
* h l^S^X hll4 5 SraiRtefeJglftUfea, * S t/2/xM«4 5 fex 
20 y5^>^ffl^7.^^i:.UT, l!rSB««9g^«@2 0 4:«S|^?«fii2 1 
®ra®Ni!GaAsji2 8*?J:tJfNMA lGaAsJB27S:Xs»-?-:/ 

25 ci0xs;^:/{ricfcH>T, *e>*>i;*xyf^:/if h&j||gL.fej- 



WO 97/45877 PCT/JP9M)1480 

®-ffi!|0NMAlGaAs»27i:, A 1 G a A s « 2 7 

i:, ~fi9®NS!A 1 G a A sJS2 Td^feflfetKONSA 1 G a A s^2 
S 7fcS57V K-:^G a A s 2 6 t * o T NS!i|S»<*: 3 6 tltttiji 
(i) 3 7i:NMi|i»{i|c3 8k:<J:SNiNSfii8|jR^l 9 

02~0. 0 4 P p F i:8i«?)T/jN$ 

Sff8BNMi|iaift3 6 iJJ:t/NS|iisaf[(*:3 8±(DNSG a A s 
10 2 8tt-t*ve*vfii«|g^ffl:t-$ y i^ziV^i h»3 9 , 4 0 t Ji: 
y . fi^»ig^«ffi2 0 , 2 1 twrak:;^-^ y i'H^iri/ f.;^^^^^. 

Bir3B7l>hPi^7.hBl4 5&|!fe*Ufcft. «ffctiaiR(n»lc* 

^J-OKU-rvrnffil 3i:y~7.Sffil4(JD|ffl0NSGa AsJl28& 
15 Xyf->if|ift^-r&. 2:®xy^v^». t<fc*>"6y-h?&ja»4 6 
0«W:l~2 pm8«T*&. 
•^^IC, fltajbfcNSA 1 G a A s Ji2 7©affilCBjaB'y-- KSffi 

«tt2 00~300^m-ei6S. -{J*- 1 5 tt, tztXitAlt 
20 fcttM o /A u^-ej^fifcStl, 0$li5 0 0 0- 1 0 0 0 0 AggT? 

& ^ e 

C:tllC i^THEMT 9 K U -f VSffi 1 3 (DT<D N 

S!G a A s 12 8ii K U >r ^ ?; =i V 3* hjB3 1 JCJ&U, 

V-X«ffi 1 4 OTCONSG a A 8 » 2 Stty-X^;*"-? ^ a > 
25 3» ^ M3 0 tC)5:S. 



WO 97/45877 PCT/JP96rt>1480 

17 

fr^fjym&tfil mo 1 Sfi£^TlC*5 U>i/ y-ir- hJi (PSGii) 
X'm^-^t\>, itStiS 0 0 0-1 0 0 0 0 A 2:4^oTl'»4. ZtiizJ: 
^ or|fi«i|g|4 1 0Jgfi8l^» 2|1^5c«'?>tfXf^t^;U (HEMTCD^tt) 

h5*^4 7t3S:S. 

(PSGJR) -ej^^SiT,, J?^Ett5 0 0 0-1 0 0 0 0 Ai:*oTV> 
(HEMTCO^ftt) t>*ia d i: ^^. /-SyS/^ 

O^IC, ^>fi»ttG a A s SIR2 5tt, Oaffi*»m^® J|t 5 iJ 6 
ti. feJ:-eO. 15-0. 2 5mm(DJir$ic$ilfci^. IK«|lC^)>»r$ 



wo 97/45877 PCT/JP9««1480 

18 

5. 5 li, tctk\timi)^0 . 3-0. 6mm<DJE:^m 

lb i> s . 

IS # 2 A* 6> ^ast S 4 U - K 3 ^f^ue? > if ilH^J^T S r i: ic 
G a A s HEMT®y-hi:y-;!^(B|JCN i N^fiiKj^TF *»«a*!^3i 

25 d^ad^ii, N i NS!fi^88fg^0i$Oigfi?i^O . 0 2-0. 04 p 



WO 97/45877 PCTaP9«01480 

19 

0. 4pF) SlgK:JtiS!LTJ^ifil«-et$i//<;p©||-e;fe5c:i:i: 
J: S . J: y . ffl ffl ^ ( 5 G H z ^3?) -e A ;!j ^fi 

(C,. + Cp) ©ii;*;^^^^^^^*, NF®|&fb*^5&iffig>5:v>fc«) 

^MiimffiiS (1 2GHz^) T'tt/#ft«:iimffi^ (5G 

^>c. Hi2*?.kUt013CD^f9 7*»6t>^;i^5J:^tc, ^i) 

15 tcaiti, HEMTtCt?ttSy- NOS/a y S*-a5^©««i|{§jfr 
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